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Abstract Radiotherapy is one of the principal modalities of
rectal cancer treatment, and the ability to predict radio
resistance could potentially improve survival through a
targeted treatment approach. Cyclooxygenase-2 (COX-2)
may protect against damage by irradiation that would
justify the use of COX-2 inhibitors. The purpose of this
study was to investigate the potential role of COX-2 in
tumor response and outcome of patients with rectal cancer
treated preoperatively with radiotherapy. Using immuno-
histochemistry, we examined COX-2 expression in 88
surgical specimens of rectal cancer treated preoperatively
and in 26 pretherapeutic biopsies. We tested whether COX-
2 expression was correlated with clinico-pathologic param-
eters and with survival and local recurrence. COX-2 was
expressed in 50% of the pretherapeutic tumor biopsies and
in 88.6% of post-irradiated surgical samples. COX-2
expression was correlated only with enhanced tumor
inflammation (p=0.03) and with tumor volume exceeding
30 cc (p=0.05). COX-2 was not significantly correlated
with patient survival, but none of the patients with COX-2
negative tumors did recur locally, whereas 80% of patients
with local recurrences have COX-2 positive tumors. We
conclude that COX-2 expression is overexpressed in the
majority of rectal cancers treated with radiotherapy and
likely plays a role in local relapse.
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Introduction
Nowadays, many therapeutic procedures are available for
locally advanced rectal cancer (LARC). However, except the
fact that surgery with total mesorectal excision is the
mainstay of treatment [11–13, 16, 30], there is no consensus
amongst the published literature about what should be the
“standard” treatment and the primary endpoint in rectal
cancer. Studies with systemic treatment do not show an
impact of chemotherapy on overall survival or progression-
free survival [1, 10]. In Europe, in contrast to the United
States and Canada, a preoperative radiotherapy has been
considered as the preferred treatment option for LARC to
reduce the incidence of local recurrence [17, 38].
In addition to the problem of the best choice of a
standard treatment, the therapeutic efficacy is often hin-
dered by tumor resistance and especially tumor radio
resistance. Recent studies indicate that COX-2, an enzyme
involved in the metabolic conversion of arachidonic acid to
prostaglandins, plays an important role in tumor growth and
spread of established tumors by affecting mitogenesis,
cellular adhesion, immune surveillance, apoptosis, and
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angiogenesis [6, 21, 24, 34, 44, 41, 46]. Several studies
have shown that COX-2 expression is elevated in human
colorectal neoplasia as compared to normal mucosa, thus
making COX-2 a potential target for chemoprevention [7,
15, 42]. A possible relationship between COX-2 expression
in colorectal cancer tumors and patient survival has been
investigated but nowadays data are inconclusive [8, 20, 22,
28, 33, 40, 48]. Because COX-2 may also be involved in
tumor radio resistance, targeting of COX-2 or downstream
products (prostaglandins) may eventually improve tumor
response to radiotherapy [25, 26]. In vitro and in vivo
studies have shown that treatment with selective COX-2
inhibitors significantly enhances tumor response to radiation
without appreciably affecting normal tissue radio response
[19, 23, 26, 29]. However, evidence of enhanced tumor
response to radiation is less obvious in human models.
The purpose of this study was to investigate the relation-
ship between the radiation resistance and the level of COX-2
on a retrospective series of patients with locally advanced
rectal cancer (LARC) treated exclusively with radiotherapy.
We therefore investigated COX-2 expression in pretherapeutic
biopsies and surgical specimens and we tried to correlate it
with histological response and clinical outcome.
Materials and methods
Patients
Between 1993 and 2002, 279 patients with locally advanced
rectal cancer were included in a multicenter phase II trial on
preoperative hyperfractionated and accelerated radiotherapy
approved by the Human Investigations Committee of the
radiation oncology centers [5]. Only 104 patients treated in
our institution and already selected for a previously
reported study were considered for this analysis [2].
Patients were eligible if they presented at preoperative
work-up with cT3–cT4, whatever the N-stage, or cT1–cT2
with radiological evidence of positive lymph nodes. All
patients were treated on protocol after obtaining informed
consent for treatment. The age of the patients ranged from 28
to 85 (median, 63 years) and the sex ratio was 1.2 (female/
male). Before initiation of the treatment, all patients under-
went complete clinical examination, endoscopic biopsy, blood
count, assessment of renal and hepatic function, and CEA
determination. Distant metastatic disease was excluded by
chest X-ray and abdominal ultrasound or computed tomogra-
phy (CTscan). Assessment of the local extension of the tumor
was done by digital rectal examination, rectal ultrasound, and/
or CT scan. All patients were irradiated according to the same
protocol [5]. The decision concerning the surgical technique,
mainly abdominoperineal resection (APR) or low anterior
resection, is left to the individual surgeons. The protocol
stipulates that a total mesorectal excision with a sharp
dissection is “the surgical standard” for those rectal tumors.
Biopsy specimens
Only 26 patients had pretherapeutic biopsies that were
available for immunohistochemistry. Biopsies had been
fixed in 10% neutral formalin for 12–24 h at room
temperature. In the remainder cases, the tumor samples had
been exhausted during previous studies and were no more
present in the paraffin blocks or immunostaining failed
because the material had been fixed in sublimated formol.
Macroscopical assessment of surgical specimens
The surgical specimens were fixed in 10% buffered neutral
formalin for 24 h. The whole tumor and attached mesorectum
were serially sliced at 3- to 4-mm intervals perpendicular to
the longitudinal axis of the rectum, which allowed macro-
scopical identification of the areas of deepest invasion.
Histological assessment of surgical specimens
All irradiated rectal tumors were retrospectively reanalyzed
(H.B). The tumors were classified according to the WHO
classification of tumors of the digestive system [47] and
staged according to the TNM classification [35]. Tumor
downstaging was obtained by comparison of the clinical
preoperative and postoperative pathological tumor staging.
Tumor volume was calculated on the length and width
evaluated on the macroscopical examination and on the
tumor thickness assessed on slides. Tumor inflammation,
tumor necrosis, and tumor regression were graded as
previously described [2]. Tumor inflammatory reaction
(mononuclear and granular cells) was graded as 1 when
absent or mild, 2 when moderate, and 3 when extensive.
Tumor necrosis was graded as 1 when absent or less than
25% of the tumor mass, 2 when it represented 25–50% of the
tumor mass, 3 when it represented 50–75% of the tumor
mass, and 4 when it represented 75% of the tumor mass.
Tumor regression was graded in five grades, based on the
presence of residual tumor cells and the extent of fibrosis.
Grade 1 was defined as sterilization of the tumor, grade 2 by
the presence of rare residual cancer cells scattered through
the fibrosis, grade 3 by more residual tumor cells but fibrosis
still predominates, grade 4 by more residual cancer cells than
fibrosis, and grade 5 when the tumor shows no signs of
regression. Vascular invasion was also recorded.
COX-2 immunohistochemistry
Four-micrometer-thick tissue sections were deparaffinized
in xylene, rehydrated, treated with 0.3% H2O2 in methanol
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for 30 min to block endogenous peroxidase activity. The
antigen retrieval was done using a pressure cooker. After
preheating 1 l of 0.01 M sodium citrate buffer, pH6.0 until
boiling in a stainless steel pressure cooker, the sections
were heated for 2 min, during which the pressure cooker
reached operating temperature. Subsequently, the pressure
cooker was removed from the heat source and placed under
running cold water with the lid on to cool it down. The
slides were placed in a container with running cold water
and cooling continued for another 10 min. The sections
were subsequently rinsed in phosphate-buffered saline
(PBS) and conditioned with 10% normal goat serum for
30 min at room temperature (RT) and incubated with anti-
COX-2 monoclonal antibody (Cayman Chemical, Ann
Arbor, MI, USA) diluted at 1:200 in PBS with 0.1 M NaCl
at RT for 2 h. After rinsing in PBS, the slides were
incubated with DAKO EnVision™ (mouse) for 30 min at
RT. After the slides were rinsed in PBS, peroxidase was
revealed by immersion in diaminobenzidine (DAB; DAKO,
Carpentiria, CA, USA) according to the manufacture’s
instructions and the sections were counterstained with
hematoxylin and mounted for microscopic examination.
The negative control was performed by using COX-2
blocking peptide diluted at 1:50 according to the manu-
facture’s instructions (Cayman Chemical). Immunohisto-
chemical expression of COX-2 was evaluated
semiquantitatively by two observers using a double-headed
microscope (H.B, P.Y) on blinded sections. There was no
staining on the negative control slide. Staining for COX-2
in the normal rectal mucosa was used as a positive control.
Absorptive epithelial cells bordering the luminal surface
and especially basal part of the crypts showed COX-2
positivity, generally localized in the paranuclear region and
cell membranes, less frequently in the nuclei. If no crypt
staining was obtained after two attempts, the case was
eliminated from the study on technical grounds. In tumor
cells, COX-2 immunoreactivity was observed in the
cytoplasm and/or in the nuclei (Fig. 1). The spindle-shaped
stromal cells, intermingled with neoplastic glands, some-
times showed staining for COX-2. All cases were scored as
following: score 0: <5% of positive cells; score 1: 5–30%
of positive cells; score 2: 30–60% of positive cells; score
3: >60% of positive cells. Tumor cases with COX-2 score 0
were considered as negative.
Statistical analysis and follow-up
All patients were followed for local recurrence and distant
metastasis every 6 months for the first 2 years and every
year thereafter. A physical examination, serum carcinoem-
bryonic antigen (CEA) assay, chest X-ray, abdominal
ultrasound or CT scan, and a CT scan of the pelvis were
included in the follow-up procedure. The events were death
(all causes of death included) for overall survival (OS),
distant metastases or locoregional relapse or death for
disease-free survival (DFS), and local or locoregional
relapse for local control (patients who died without local
or locoregional relapse were censored at time of death),
respectively.
All statistical analyses were conducted using the JUMP
software (SAS, Cary, NC). A p value<0.05 was considered
statistically significant. In univariate and multivariate
analysis, OS, DFS, and local control were used as the end
points. In univariate analysis survival curves were estimated
according to the Kaplan–Meier method for the following
variables: age, sex, pT, pN, tumor differentiation, tumor
inflammation, tumor necrosis, tumor regression, tumor
volume, and vascular invasion. The significance of their
difference was estimated by the log-rank test. To increase
the number of patients per group, the categories of the
different pathological variables were also combined for
these analyses, i.e., pT1–2 vs pT3–4; well and moderately
differentiated adenocarcinomas vs poorly differentiated and
mucinous carcinomas; absence or mild necrosis (score 1) vs
moderate to extensive necrosis (scores 2–4); absence or
mild inflammation (score 1) vs moderate to marked
inflammation (scores 2 and 3); responder group (tumor
regression grades 2–4) vs non-responder group (tumor
regression grade 5).
Multivariate survival analysis according to the Cox’s
proportional hazards models was constructed by backward
elimination of the following variables: age, sex, pT, pN,
tumor differentiation, tumor inflammation, tumor necrosis,
tumor regression, and vascular invasion.
Results
Pathological findings
Eighty-eight out of 104 patients with rectal cancer were
selected for the COX-2 study. The remainder cases were
excluded because the tumour was sterilized (tumor regres-
sion grade 1) or for technical reasons. There were 20 pT2
tumors (23%), 57 pT3 (65%), and 11 pT4 (12%). Tumor
downstaging obtained after comparison of the clinical and
pathological stages was observed in 44% of the cases.
Regional lymph node metastases were found in 59% of
patients. Of the tumors, 25% were well-differentiated
adenocarcinomas, 42% were moderately differentiated
adenocarcinomas, 10% were poorly differentiated adeno-
carcinomas, and 25% were mucinous carcinomas. Partial
tumor regression (G2–4) was noted in 80% (G2=16%;
G3=39%; G4=25%) and absence of regression (G5) was
noted in 20% of the tumors. Tumor necrosis was absent or
mild (score 1) in 66% of the tumors, moderate to extensive
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in 34% (scores 2–4) of the tumors. Tumors showed a mild
or no inflammation (score 1) in 30% of cases, a moderate to
marked inflammation in 70% (score 2 and 3) of cases.
Vascular invasion was present in 29 patients.
Survival and local control
During follow-up (median=42 months), 24 patients devel-
oped distant metastasis and eight patients a local recur-
rence. Thirty-nine patients died, 29 of whom from rectal
cancer.
The median OS was 53 months. The median actuarial
OS was significantly lower in patients with lymph node
metastases (p=0.005, log rank test) and for those patients
presenting tumors with vascular invasion (p=0.003). There
was no difference in OS between responders (G2–4)
compared to non-responders (G5).
The median DFS was 46 months. The median actuarial
DFS was significantly lower in patients with advanced pT
stages (pT3–4) (p=0.03, log rank test) and with lymph
node metastases (p=0.0008, log rank test). The DFS was
longer in responders than in non responders (p=0.03, log
rank test). Moreover, a significant correlation was found
between the different grades of tumor regression and DFS
(p=0.04, log rank test).
The actuarial locoregional recurrence rates at 2 and
5 years were 7.5% and 11.4%, respectively. There was a
trend for a better local control in responders as compared to
non-responders (p=0.10, log rank test).
Cyclooxygenase-2 immunostaining and pathologic analysis
By immunohistochemistry COX-2 was found to be absent
in 13 (50%) out of 26 tumor biopsies taken before treatment
(score 0). In tumor biopsies expressing COX-2, four cases
were scored 1, four cases were scored 2, and five cases
were scored 3.
In 88 surgical specimens, ten tumors (11%) did not
express COX-2 (score 0). Of 78 COX-2 positive tumors
(89%), 38 (44%) had a mild (score 1), 25 (28%) a moderate
(score 2), and 15 (17%) a marked (score 3) COX-2
expression. The distribution of COX-2 expression and
pathologic parameters is summarized in the Table 1. When
comparing COX-2 expression in biopsies and surgical
specimens we found that among 13 patients with negative
tumor biopsies, ten (78%) became COX-2 positive in the
surgical specimens with a scoring of expression varying
from 1 to 3, whereas only three cases remained negative
after irradiation. Among the cases with positive COX-2 in
tumor biopsies, two had a higher score of expression, seven
had the same score of expression, whereas four cases had a
lower score of expression in the irradiated tumors.
COX-2 expression was not correlated with any of the
following parameters: sex, age, tumor downstaging, pT, pN,
tumor regression, tumor necrosis, vascular invasion. We
found a trend of correlation between COX-2 and tumor
differentiation (p=0.087). COX-2 was correlated with
moderate and marked tumor inflammation (p=0.03) and
with tumor volume exceeding 30 cc (p=0.05). Grouping
according to level of expression of COX-2 with any of the
tested pathological variables did not modify the conclusions
of the present analysis.
We were not able to demonstrate any significant
correlation between the expression level of COX-2 and
OS and DFS. However, it is noteworthy that none of the
patients having tumor without COX-2 expression did recur
locally (0/10), in contrast to eight out of ten recurrences
(80%) in 78 patients with tumor characterized by a COX-2
expression. It might well be that the number of local events
is too small in the present series to allow us to highlight a
significant difference.
Discussion
Colorectal cancer is a significant cause of morbidity and
mortality in Western populations. Rectal cancer if treated by
surgery alone is characterized by a high incidence of local
recurrence (20 to 70%), regional lymph node and distant
metastases [17, 38]. Until now, there is no consensus
Fig. 1 Low (a) and high mag-
nification (b) of COX-2 expres-
sion in a rectal adenocarcinoma
treated preoperatively with ra-
diotherapy
502 Virchows Arch (2008) 452:499–505
among the published literature about what should be the
“standard” treatment and the primary endpoint in rectal
cancer (survival, disease-free survival, local control, sphinc-
ter sparing surgery or quality of life). However, neo-
adjuvant preoperative radiotherapy has been shown to
induce tumor regression significantly, improving local
control and overall survival [2, 5, 32]. Nevertheless, the
tumor response, which is different from one patient to
another, is probably limited by many genetic factors.
Among those factors, the COX-2 appears to play an
important role. Cyclooxygenase is a key enzyme that
catalyses the conversion of prostaglandins and other
eicosanoids from arachidonic acid. COX-2 is induced
during pathologic conditions and is often overexpressed in
premalignant lesions and malignant tumors [3, 6, 24, 43,
44]. This enzyme is linked to carcinogenesis, maintenance
of progressive tumor growth, and facilitation of metastatic
spread [4, 41]. Several studies have shown that COX-2
expression is elevated in human adenomas and colon
cancers [7, 31, 33].
Data about the relationship between COX-2 expression
and patient survival in colorectal cancer are inconclusive [8,
15, 20, 22, 28, 33, 36, 40, 48]. However, COX-2 protein
expression has become the focus of active investigation
because of its possible implication in tumor radio resis-
tance. Indeed, it was reported that COX2 is upregulated by
radiation, inducing radio resistance [25, 26, 29]. Preclinical
studies have shown that treatment with selective COX-2
inhibitors significantly enhances tumor response to radia-
tion without appreciably affecting normal tissue radio
response [19, 26]. However, if in vitro and in vivo results
support this hypothesis, the data available from human
studies are scarce. In oral squamous cell carcinoma [39] and
in laryngeal cancer [27] elevated COX-2 expression has
been associated with radio resistance and diminished
survival. Expression of COX-2 was also correlated with
poor prognosis in squamous cell carcinoma of the uterine
cervix treated with radiation therapy [9, 18].
In the present study, we investigated by immunohisto-
chemistry the expression of COX-2 in 88 surgical speci-
mens from a cohort of patients with rectal cancer treated
preoperatively with radiotherapy and attempted to correlate
this with pathologic parameters and clinical outcome. We
also investigated the expression of COX-2 before neo-
adjuvant radiotherapy in a subset of rectal cancers with
available tumor biopsies. COX-2 expression was present in
Table 1 Correlations between COX-2 expression and histological parameters in 88 surgical specimens of rectal cancer treated with preoperative
radiotherapy
COX- 2 expression p value
Scores of COX-2 expression 0 1 2 3
N % N % N % N %
Pathological staging NS
pT2 4 4 7 8 4 5 5 6
pT3 5 6 20 23 19 21 13 15
pT4 1 1 5 6 3 3 2 2
pN0 6 7 10 11 14 16 10 11
pN1 4 5 21 24 10 11 10 11
Tumor differentiation 0.087
Well differentiated 2 2 8 9 3 3 7 8
Moderately differentiated 6 7 9 10 13 15 9 10
Poorly differentiated 0 0 5 6 2 2 2 2
Mucinous 2 2 9 10 9 10 2 2
Tumor regression NS
Partial (grades 2–4) 9 10 23 26 20 23 18 20
Absent (grade 5) 1 1 9 10 3 3 5 6
Tumor inflammation
Mild (score 1) 4 5 10 11 6 7 6 7
Moderate to marked (score 2,3) 6 7 23 26 20 23 13 15 0.03
Tumor necrosis NS
Absent or mild (score 1) 10 11 30 34 22 25 16 18
Moderate to marked (scores 2–4) 0 0 3 3 4 4 3 3
Vascular invasion NS
Present 5 6 9 10 10 11 5 6
Absent 5 6 22 25 17 19 15 17
NS non significant
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50% of pretherapeutic tumor biopsies and 89% of irradiated
tumors. We found also that the large majority of negative
tumor biopsies expressed COX-2 protein after radiotherapy
and that a subset of positive tumor biopsies has an
increased expression. This finding support the fact that, at
least in a subgroup of rectal cancer, COX-2 is upregulated
by radiation as already reported in some cancer cell lines
[37]. However, this is in partial contradiction with a recent
study that compared COX-2 expression in pretherapeutical
rectal carcinoma biopsies and posttherapeutical surgical
specimen and which found that COX-2 expression is
present in nearly all pretherapeutical biopsies although
there is an increase of the intensity of COX-2 expression in
one third of posttherapeutical rectal cancer [45].
In the present analysis, COX-2 expression in post
irradiated tumors was not correlated with any of the tested
pathologic parameters in particular with tumor regression
and tumor downstaging. We found that COX-2 was
correlated with tumor inflammation which is in accordance
with the fact that COX-2 is known to be induced by
proinflammatory cytokines and that COX-2 is upregulated
at sites of inflammation [14]. We also found that COX2 was
more frequently expressed when tumor volume exceeds
30 cc. We were not able to provide an explanation for this
finding especially as we did not find any correlation with
tumor regression or tumor downstaging.
More importantly, we found that COX-2 expression is not
a significant prognostic factor neither for overall patient
survival nor for DFS in irradiated rectal carcinomas. These
data are in line with one published study on human rectal
cancer pretreated with chemoradiotherapy [45] but are not in
accordance with the results reported in studies on squamous
cell carcinoma of head and neck and cervix treated with
radiotherapy alone or radiochemotherapy [39, 27, 9, 18].
Nevertheless, we found that there was a trend toward
increased local failure in patients with treated tumors
expressing COX-2. In contrast, all the patients with COX-
2 negative tumors were free of local recurrence. The
difference was not statistically significant, probably due to
the small number of recurrences overall. However, testing
of this hypothesis within the frame of a randomized trial
could be interesting.
Conclusion
This study shows that radiotherapy induces an expression
of COX-2 in the majority of rectal cancer patients and is
correlated with tumor inflammation. COX-2 expression is
not associated with rectal cancer survival and tumor
response, but a possible association with local recurrence
remains to be evaluated in a larger cohort of patients with
rectal cancer treated by preoperative radiotherapy.
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